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Tho crystal structure of the monohydrate of the cesium salt of the bis- • -3-
The dark rod crystals were received from Professor Hawthorne of tho Univc1~sity of California, H.iV'erside. One was cut to the dimensions 0.11 x 0.12 x 0.23 mm and was glued to a glass fiber with its laxis coincident with the rotution axis of the fiber.
Tho npaco group and approximate cell dimensions were determined from oscillu.tion, Weissenberg and precession photographs. Using a manual General Electric Xrill-5diffractometer, space group absences were chocked and accurate
w1i t cell dimensions were obtained from measurements of the· !_}QQ., 9~, and QQ{ reflections with the kaxis of the crystal parallel to the~ axis of the goniostat. Intensity data were measured with this manually operated diffractometer using a quarter circle, EUlerian cradle goniostat, and a scintillation coWlter equipped with a pulse height discriminator for detection of the· diffracted beam. Molybdenum Ka X-rays were used (Mo Ka 1 ; ~ = 0.70926 A.)
after tho K~ radiation was filtered out by a 0.003inch thick Zr filter placed in front of the receiving slit. One complete set of independent reflections (including space. group absences) with 29 ~ 45° {sinal).= 0.995) was measured using the stationary crystal, stationary· counter technique by taking ten second counts at the maximum intensity settings. Excluding space group extinctions, there were 3649 independent reflections of which 344 had intensities less than their estimated standard deviations.
_,
T~o absorption coefficient is ~ = 38 em • Absorption effects on the data were neglected. lt is estimated that tho scale factors which would be applied to the intensity data would very by less than 12 %, Calculations were done on a CDC 6600 computer. Lorentz and polarization corrections wero applied and the data were converted to structure factors.
Rofino~onts of parameters were done with our least squares program vhich ---
Tho po~itions of the cesium and cobalt atoms were deduced from sections through a thrco-dimensional Pattoraon function synthesis. Full matrix least squares refinement of a scale factor and the positional and isotropic thermal pararuoters of tho Cs and Co atoms gave R = 0.20S. These atoms were used to calculate approximate phases for the reflections and a three-dimensional difference Fourier was synthesized from which the coordinates of the thirty two boron and carbon atom:J were found. Since a water of crystallization vas not OA~ected, the oxygen atom which appeared in this Fourier vas disregarded.
When the positions and thermal parameters of those thirty tvo light atoms, all with the scattering power of boron, were incorporated into the refinement, the R value dropped to 0.105. Inspection of the bond distances and thermal par£l.J~eters allowed location of five of the six carbon atoms and gave indications that the sixth carbon was disordered between only tvo atomic positions in one of the icosahedral cages. So in all further refinements, five of these atoms were given the scattering power of carbon and two vera given the scattering powor of half carbon and half boron. Following another series of refinements in which the Cs and Co atoms were given anisotropic thermal parameters, another difference Fourier vas prepared in which again appeared the oxygen atom as well as thirty two of the thirty four hydrogen atoms. The two hydrogens in the water molecule did not appear. After some blunders in the intensity data were corrected, a final series of full matrix least squares refinement was carried out in which the scattering factors of tho Cs and Co atoms were corrcctod for anomalous dispersion and zero weight was assigned to all reflections which had I < o(I). A scale factor, three positional parameters for each of the ,.-·;-C;::"\ \-\13 0. ,,
1bo fin~l valuoG for ponitional and thermal parameters are given in Table   I for the heavy atoms, Table II for the oxygen, carbon, and boron atoms and in Table III for the hydrogen atoms. The observed and calculated structure factors are givon in Table IV. A drawing of the anion skeleton is given in Figure 1 . Cs (2) 05321 (6) 02870 (2) 34230 (2) 503 (2) 230 (2) 449 (2) 031 (2) 106 (2) 
Co (1) 239S2 (10) (3) 321 ( 13) B (3) 5330 ( 10) 8283 (4) 4825 (3) 326 (13) B (4) 4890 (9) 8951 (4) 5360 (3) 294 ( 12) B (5) 2461 (9) 9202 (4) 5183 (3) 292 (12) B (6) 1410 (10) 8660 (4) 4538 (3) 309 (13) C (7) 3825 (8) 7631 (3) ( 11) EC (23) 5182 (9) 5261 (3) 6618 (3) 292(11) . .:
:tl (24) 3661 (9) 5032 (3) 7168 (3) 256 (12) B (25) 1423(9) 4807{3) 6691(3) . 265 ( 12) BC{26) ' 1816(9) 4931(3) 5893(3) . 306 (12) B(27) 5659{ 11) 4569(4) 6115 (4) 363 (14) B (28) 5409 ( 10) 4434 (4) 6947 (3) 337 (13) B (29) 3074 (9) 4136 (3) 6982 (3) 284 ( 12) ; B(30) 1870 ( 10) 4088 (4) 6165 (3) 312 (13) B(31) 3488{10) 4355(4) 5649(4) 339 ( 14) B (32) 4321 (10) 3856 (4) 6337 (3) 325 (13) (a) Numbering system used is show in Figure 1 .
(b) BC refers to disordered atoms, half boron and ~lf carbon. ---\\.::' . . . ... Ill -IC " " ,.
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,. .. The bond distances between all the atoms in the icosahedral framework except hydrogens are listed in Table V and the distances between the hydrogen ato'L1S and the atoms to which they are bonded are given in Table VI . The standard deviations quoted on the bond distances in these tables are calculated from the least squares estimates of the accuracy of the final positional parameters.
Probably a better estimate of their accuracy is given by the larger root-meansquare deviations of equivalent bond distances from their average values, given in Table VII . A complete list of bond angles would be a rather long list indeed.
Therefore, since both the cages I and III are analogous to the previously investigated eleven-atom icosahedral fragments 7 , only the.angles involving the (7) A. Zalkin, T. E. Hopkins, and D. H. Templeton, Inorg. Chem., _i, 1189(1966) .
ten-atom fragment, cage II, are reported in Table VIII .
The ffiolecular packing in the crystal is shown in Figure 2 qy a framework drawing of the projection of the contents of the unit cell seen from a view aloni; tho~ axis. Thia drawing together with the distances given in Table IX reveals a ncrios of interactions between the cesium ions, the oxygens of the water molecules and the hydrogen atoms attached to the anion. The cesium ions '-"--- 
